Nutrients 2014, 6, 2229-2239; doi:10.3390/nu6062229 



OPEN ACCESS 



nutrients 

ISSN 2072-6643 

www . mdpi . com/j ournal/ nutri ent s 

Article 

Zinc Fortification Decreases ZIP1 Gene Expression of Some 
Adolescent Females with Appropriate Plasma Zinc Levels 

Rosa O. Mendez Alejandra Santiago x , Gloria Yepiz-Plascencia \ Alma B. Peregrino-Uriarte \ 
Ana M. Calderon de la Barca 1 and Hugo S. Garcia 2 

1 Research Center for Food and Development (CIAD), Km 0.6 a La Victoria, Hermosillo, Sonora 83304, 
Mexico; E-Mails: alex_files206@hotmail.com (A.S.); gyepiz@ciad.mx (G.Y.-P.); 
almabper@ciad.mx (A.B.P.-U.); amc@ciad.mx (A.M.C.B.) 

Technological Institute of Veracruz, UNIDA, Calzada Miguel Angel de Quevedo 2779, Veracruz, 
Veracruz 91897, Mexico; E-Mail: hsgarcia@itver.edu.mx 

* Author to whom correspondence should be addressed; E-Mail: romendez@ciad.mx; 
Tel.: +52-662-289-24-00; Fax: +52-662-280-00-94. 

Received: 4 April 2014; in revised form: 19 May 2014 /Accepted: 28 May 2014 / 
Published: 11 June 2014 

Abstract: Zinc homeostasis is achieved after intake variation by changes in the expression 
levels of zinc transporters. The aim of this study was to evaluate dietary intake (by 24-h 
recall), absorption, plasma zinc (by absorption spectrophotometry) and the expression levels 
(by quantitative PCR), of the transporters ZIP1 (zinc importer) and ZnTl (zinc exporter) 
in peripheral white blood cells from 24 adolescent girls before and after drinking 
zinc-fortified milk for 27 day. Zinc intake increased (p < 0.001) from 10.5 ± 3.9 mg/day to 
17.6 ± 4.4 mg/day, and its estimated absorption from 3.1 ± 1.2 to 5.3 ±1.3 mg/day. Mean 
plasma zinc concentration remained unchanged (p > 0.05) near 150 |Lig/dL, but increased 
by 31 |ug/dL (p < 0.05) for 6/24 adolescents (group A) and decreased by 25 |ug/dL 
(p < 0.05) for other 6/24 adolescents (group B). Expression of ZIP1 in blood leukocytes 
was reduced 1.4-fold (p < 0.006) in group A, while for the expression of ZnTl there was 
no difference after intervention (p = 0.39). An increase of dietary zinc after 27-days 
consumption of fortified-milk did not increase (p > 0.05) the plasma level of adolescent girls 
but for 6/24 participants from group A in spite of the formerly appropriation, which 
cellular zinc uptake decreased as assessed by reduction of the expression of ZIP1. 
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1. Introduction 

Zinc is an essential trace element for humans. Its physiological demands are very high in 
adolescents that are in risk of deficiency, especially if their diets are based on cereals and legumes with 
high content of zinc absorption inhibitors, as in deprived populations [1]. Zinc deficiency affects 
growth, sexual maturity, and the immune system [2]. Therefore, it is necessary to reduce risk and one 
possibility for doing so is to use fortification of highly consumed foodstuffs or food ingredients [3,4]. 

In Mexico, there is a program for fortification with zinc and other micronutrients in all commercial 
wheat and corn flours as well as in milk only for targeted groups. We found previously that 
zinc-fortified milk was effective in increasing both, intake and plasma zinc levels of adolescent girls 
from the northwest area of the country [5]. Under basal conditions, 35% of the studied adolescents did 
not meet their zinc requirements and were facing a borderline deficiency. 

There are few studies in humans about the control of zinc homeostasis after high or low 
supplementary levels of zinc in deprived or in borderline deficient populations [6,7]. The objective of 
the Mexican supplementation programs is to protect individuals with high deficiencies and do not 
affect those with adequate intake. Therefore, it is important to understand the relationship between zinc 
dietary intake by fortification and its uptake and excretion, which drives the homeostatic regulation. 
After intake variations, the control of homeostasis can be affected by changes in the expression of zinc 
transporters [8]. Some zinc transporters are tissue specific and maintain intracellular zinc 
concentrations in a narrow physiological range. The ZnT family of transporters decreases cytoplasmic 
zinc concentrations by secretion, sequestration, or efflux, whereas the ZIP family increases 
cytoplasmic zinc by influx or release of stored zinc [9]. Therefore, it is likely that the expression of the 
ZnT genes would be up-regulated, whereas the ZIP genes could be down-regulated in response to the 
increase of dietary zinc intake. The aim of this study was to evaluate the changes in zinc dietary intake, 
absorption and plasma concentrations, as well as to investigate the expression levels of ZnTl and ZIP1 
in peripheral white blood cells from 24 adolescent girls after drinking 500 mL/day of milk fortified 
with zinc and other micronutrients, for 27 days. 

2. Experimental Section 

2.1. Subjects 

Twenty- four apparently healthy adolescent women (12-16 years) from public high schools in 
Hermosillo, Sonora, Mexico, participated in this study during the winter of 2011. Data regarding 
chronological age and age at menarche were collected. Weight and height of the girls were obtained 
before the first morning of feeding zinc-fortified milk, on admission, and at the end of the study. 
Body mass index (BMI) was estimated using the Anthroplus software (Version 3.2.2; World Health 
Organization, Geneva, Switzerland) [10]. Exclusion criteria included pregnancy, use of vitamin and 
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mineral supplements, diarrhea, or other known malabsorption syndromes. At least one of the parents of 
each participant provided written consent. All procedures were approved by the Ethical Review 
Committee of the Research Center for Food and Development (CIAD). 

2.2. Intervention 

The intervention consisted of consuming a regular self-selected diet for 27 days, in which the usual 
milk was replaced by zinc-fortified milk (500 mL/day), which provided 6.6 mg Zn/day. Participant 
girls received 2 packets of powdered milk weekly and instructions to prepare it with the spoon and 
cups provided. 

2.3. Blood Samples 

Two blood samples were obtained from fasting participants (5-mL syringe with EDTA). One was 
used to obtain plasma by centrifugation at 1400* g for 10 min at 4 °C. Plasma was separated from the 
red blood cells and frozen at -70 °C for later total zinc analysis and C-Reactive Protein (CRP). 
The second blood sample was used to separate leukocytes and measure expression levels of ZnTl and 
ZIP1, using real time-RT-qPCR. 

2.3.1. Plasma Zinc and CRP Status 

The concentrations were quantified by atomic absorption using a Spectr AA-20 (Varian Technotron 
Pty Ltd., Mulgrave, VIC, Australia) [11]. Zinc standards containing 0.1, 0.5, 1.0 and 1.5 ppm zinc in 
1% HC1 were used to prepare the calibration curve. The quantitation procedure was validated using 
non-fat dry milk (NIST, 1549) (NIST, Gaithersburg, MD, USA). CRP was quantified because of the 
relation between elevated acute phase protein concentrations and low plasma zinc. The amount of CRP 
was determined by enzyme-linked immunosorbent assays, according to manufacturer instructions 
(HS-CRP ELISA, DRG, South San Francisco, CA, USA). 

2.3.2. Primer Design and Gene Expression Analysis 

Expression of zinc transporters (ZIP1 and ZNT1) in the isolated leukocytes was evaluated from two 
subsamples of six adolescent girls each, the first subsample, group A, was formed by girls whose 
plasma zinc concentrations increased after the intervention assay, while the second group, group B, 
was the girls whose plasma zinc decreased after the intervention for 27 days. Measurements were done 
in blood samples before and after the 27 days trial. 

To evaluate gene expression, leukocyte RNA was extracted and purified according to the 
manufacturer's instructions (QiaAmp RNA blood mini kit, Qiagen, Hilden, Germany). The amount of 
RNA was determined by absorbance at 260 nm, and its integrity was assessed by agarose 
gel-electrophoresis. The primers for ZnTl, ZIP1 and beta-actin (constitutive gene), were designed 
using the Primer3 software and human sequences from GenBank, and synthesized by Integrated DNA 
Technologies (San Diego, CA, USA). The primers sequences used are shown in Table 1. 
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Table 1. Primers used for relative gene expression analysis. 



Primers PCR length (bp) Sequence 5-3' Accession No. 



ZIPl 


Fw 


231 


CGTGCCTGTGTACTGGTGTT 


NM_ 


020342.2 








Rv 


ATGACACCTCTAGGCATCGG 






ZnTl 


Fw 


210 


TGGAGGTGGCTAAAACCATT 


NM_ 


021194.2 








Rv 


TGCTAACTGCTGGGGTCTTT 






B-actin 


Fw 


221 


GCAAGCAGGAGTATGACG 




_001 101.3 






NM_ 


Rv 


GTCACCTTCACCGTTCCAGT 







The specificity of the primers was tested by conventional PCR followed by agarose gel 
electrophoresis and melting curve analyses after real time PCR. The amplicons were thoroughly 
sequenced to confirm the identity. 

The cDNA was synthesized, in duplicate, from 278 ng of total RNA using the Qiagen QuantiTect® 

Reverse Transcription (Qiagen). Each reaction for quantitative PCR contained 10 |iL 2* SYBR Green 

Supermix (iQTM SYBR Green Supermix, Bio-Rad, Hercules, CA, USA), 0.7 |iM of each primer, 1 |iL 

template DNA (equivalent to 13.93 ng total RNA), and 7.6 |iL water. The quantitative PCR reactions 

were performed on an iQTM5 Real Time PCR Detection System (Bio-Rad). Standard curves of ZIPl, 

ZnTl and beta-actin were run to determine the efficiency of amplification. Changes in relative expression 

were calculated as follows: AACt = ACtq - ACtcb, where Ct is the cycle number at which amplification 

rise above the background threshold, ACt is the change in Ct between 2 test samples (initial and final), q is 

the target gene, and cb is the calibrator gene. Fold change in relative gene expression was then calculated as 
2 -AACt [12] 

2.4. Food Intake 

Food intake was assessed on 2 separate days by the method of 24-h recall. Estimation of energy and 
nutrients intake was done using our laboratory database [13]. Zinc in fortified milk was quantified by 
atomic absorption. Digestion of food samples was done using a commercial oven (model MDS-2000, 
CEM Corp, Mathews, NC, USA). The National Institute of Standards and Technology bovine liver 
(SRM 1577b) and non-fat milk powder (SRM 1549) were used as standards. 

The daily molar ratio of phytate:zinc was calculated as follows: 

Zn = (mg phytate/660)/(mg Zn/65 .4) ( 1 ) 

2.5. Physical Activity Questionnaire 

A seven-day physical activity questionnaire was answered by the adolescents that included all 
their daily physical activities. Values were assigned as multiples of the basal metabolic rate [14] 
Sedentary < 1.56 mMB, moderate 1.57-1.64 mMB, and heavy 1.65-1.82 mMB. 
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2. 6. Socioeconomic Status 

It was determined based on personal information such as educational level of the adolescent girls, 
job status of the household head, and several household belongings [15]. 

2. 7. Statistics 

The NCSS 2007 software (Number Cruncher Statistical System, Windows version; Kaysville, UT, 
USA) was used for the statistical analysis. The Kolmogorov-Smirnov test was used to check the 
normality of the data. Data are presented as means ± standard deviation (SD). Results for the 
expression of zinc transporters (ZIP1 and ZnTl) in the blood leukocytes isolated were analyzed using a 
paired Student's Mest (before and after zinc supplementation). Differences were considered significant 
at;? < 0.05. 

Associations were explored by stepwise multiple regression, where fold change of ZIP1 and ZnTl 
were the dependent variables. The independent variables considered in the models were: physical 
activity level, body mass index, plasma zinc levels, dietary zinc intake, menarche, and days after 
menstruation when blood was extracted. 

3. Results 

3.1. Baseline Characteristics of the Participants 

The baseline characteristics of the 24 adolescent girls (Table 2) fell within normal values and were 
similar (p > 0.05) to values measured after the 27-days intervention. However, at baseline, 4 of the 
girls were overweight, 2 of them were obese and 3 were underweight. After the intervention, 14 girls 
increased their weight, although their BMI was still in the basal range. The majority of the girls were 
considered as sedentary, and only 5 of them reported moderate activity. 

Table 2. Basal characteristics of the 24 adolescent girls participating in the study. 



Characteristics 


Mean ± SD 


Range 


Age (year) 


14.1 ± 1.1 


12 


-16 


Weight (kg) 


56.3 ± 11.1 


43- 


77.5 


Height (cm) 


159.3 ±4.3 


152.5- 


-169.4 


BMI/age (kg/m 2 ) 


22.2 ± 4.3 


18.1- 


-32.9 


Age at menarche (year) 


12.2 ± 1.2 


10- 


-14 


Physical activity (mMB) 


Sedentary 


<1.56 


mBM 



mBM, multiples of basal metabolism. BMI, body mass index. 



3.2. Intake and Plasma Zinc Changes 

Table 3 shows data on dietary intake. There were no significant differences for energy, protein and 
phytate intake between the basal and final measurements. Mean intake of zinc was higher (p < 0.001) 
after intervention than at the basal conditions, and therefore, similar trends were found for estimated 
zinc absorption (p < 0.05), for the 24 participant girls. 
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Table 3. Mean dietary intake of energy, protein, zinc, phytate and other parameters in 
study participants. 



Variable 


Basal 


After intervention 


P 


Energy (kcal/day) 


1930.1 ±709.5 


2193.1 ±693.8 


NS 


Protein (g/day) 


65.15 ±26.8 


73.7 ±21.0 


NS 


Zinc (mg/day) 


10.5 ±3.9 


17.6 ±4.4 


<0.001 


Phytate (mg/day) 


1105.5 ± 1110.5 


1384.7 ± 1 101.9 


NS 


Phytaterzinc molar ratio 


11.6 ±9.7 


6.8 ±5.4 


<0.05 


Estimated Zn absorption 


3.2 ± 1.2 


5.3 ± 1.3 


<0.001 



Mean ± SD. NS: not significant. Statistical significance was p < 0.05, n = 24. 



In all cases, normal CRP values (<10 mg/L) were observed at baseline and at the end of the study. 
Figure 1 shows the basal mean values of the plasma zinc concentration which were not changed 
significantly after 27 days of fortified-milk intake, for the 24 participants (152.4 ± 20.9 vs. 
146.2 ± 25.7 |ug/dL). However, individual plasma concentrations were variable with higher values 
(p = 0.005) after the intervention than baseline in group A (140.7 ± 16 vs. 171.8 ± 21 |ug/dL), opposed to 
the other 6/24 adolescents (group B), whose mean concentration was lower (p = 0.002) after the 27 days 
of fortification (170.2 ±21 vs. 145.2 ± 24 |ug/dL, respectively). 

Figure 1. Plasma zinc levels of the total sample, group A and group B at basal condition and 
after 27 days intervention. * p < 0.005, ** p < 0.02, NS: non-significant (Student's t test). 




■ Basal 
After 27 days 



Total (n = 24) Group A Group B 



Plasma zinc concentration was significantly correlated (p < 0.05) with the initial and final BMI 
measurements (r = -0.81). According to the Institute of Medicine (U.S.) [16] all of the plasma 
concentration values were normal (>70 |Lig/dL) before the intervention. The increased plasma zinc of 
adolescents from group A was related to the fortified milk intake. Their zinc intake increased 
significantly from the baseline (11.53 mg/day) until the end of the intervention (16.02 mg/day). 
Despite the zinc intake increased from 9.0 ± 3 to 17.1 ± 5 mg/day, their plasma zinc levels were not 
increased in girls from group B, along the intervention period. 
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3.3. Changes in the ZnTl and ZIP1 Expression Levels 

To understand how the increase of dietary zinc intake was controlled in the body of the group A 
adolescents who increased the mean plasma zinc concentrations, as well as the ones of group B with 
decreased plasma zinc, their ZIP1 and ZnTl gene expression was measured and the results are shown 
in Table 4. 

Table 4. Expression of zinc importer (ZIP1) and zinc exporter (ZnTl) in blood leukocytes 
from adolescent girls from groups A and B, at basal and after 27 day intervention. 



Study Group 


Basal After intervention 


p * 


Fold change of ZIP1 


A 


1 -1.40 


0.006 


B 


1 -1.44 


0.078 


Fold change of ZnTl 


A 


1 1.75 


0.55 


B 


1 1.09 


0.88 



Fold change in gene expression of ZIP1 and ZnTl was normalized with (3-actin and calculated as 2 *; 
1 = no change in initial sample; * Student paired t test; p = statistical significance. 

For group A, ZIP1 gene expression in blood leukocytes was reduced 1.40-fold (p = 0.006), and this 
change was related to days after menstruation (r 2 = 0.6631; p = 0.04). The gene expression of the 
exporter ZnTl did not differ between basal and after zinc intervention (p = 0.55). For group B with 
decreased plasma zinc after the intervention, the ZIP1 expression was reduced by the same value than 
for group A; however, because of the individual variability, it was not significantly different from 
the baseline level (p = 0.078). For group B, the ZnTl expression was not affected by the intake of 
zinc-fortified milk for 27 days (p = 0.88). 

4. Discussion 

The characteristics of the 24 adolescent girls in this intervention were almost the same of those 
reported in our former study [5], except by the mean age (14.1 instead of 15.1 years old). However, 
there were no differences in the mean plasma zinc levels of adolescent girls in the current study, after 
the 27 days intervention, while in our former study zinc levels increased after drinking fortified milk in 
the same period. According to Andree et al. [6] and Aydemir et al. [17], plasma zinc levels are not the 
best markers for zinc status because these values would not reflect changes in zinc intakes since they 
are under tight homeostatic control. However, a transient increase in plasma zinc occurs during 
supplementation and it may be more evident if the status is initially low [18]. 

Mocchegiani et al. [19] supplemented, using 10 mg/d zinc during 48 days, old European subjects 
selected on the basis of low plasma zinc levels and IL-6-174 polymorphism (G/C or C+, and G/G or 
C- genotypes). G/G genotypes are associated with an impaired zinc status. Since zinc parameters as 
NK cell cytotoxicity, nitric oxide releasing and zinc erythrocyte increased in all the supplemented 
groups (plasma zinc < 10.5 |uM), including C- with unstable plasma zinc. So that the sole assessment 
of plasma zinc level is not a reliable indicator of zinc status at least for old people. Mariani et al. [20] 
suggest that the potential interaction among circulating zinc increments, changes in immunological 
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parameters and the interactive influence of +647 MTla and -174 IL-6 polymorphic alleles, could be 
important determinants for evaluating the efficacy of zinc treatment and for identifying groups of 
subjects that can take advantage of therapeutic intervention. 

To explain our findings in plasma zinc changes between both interventions using the same 
zinc-fortified milk for 27 days, it is important to consider the basal proportion of adolescents not 
achieving their requirement (EAR = 7.3 mg/day) for zinc that was 35.2% at the former study and at the 
present study such proportion was 16.6%. In addition, it can be related to the diet, where phytate 
presence and protein intake may influence zinc absorption [21], although estimated zinc absorption 
appear to be similar for both studies (~3 at baseline and ~5 at the end of the study, respectively). In the 
present study done in the winter, participants consumed the same amount of phytate, 14% more energy 
and 20% more protein than in the former study that was made during the summer and autumn. It has 
been shown that higher energy and protein intakes in north-western Mexican women are mainly taken 
between winter and spring compared with summer and autumn [22], and this pattern is related to the 
extreme desert weather. 

It is obvious that the Mexican north-western adolescent population in this study had a wide 
variability in zinc intake and absorption enhancers. According to a Mexican national survey [23], the 
highest zinc intake in adolescent girls was in the studied region with respect to the rest of the country. 

On the other hand, plasma zinc concentration was negatively related to BMI in group A of the 
present study. As it is known, zinc metabolism is altered in obesity [24]. In Mexico, obesity and 
overweight are a public health problem, with 35.8% of the adolescent girls suffering them [25], with 
similar prevalence for girls in our study area [26]. Overweight people present low serum zinc levels [27], 
and zinc content of erythrocytes is inversely related to BMI in obese women [28]. Therefore, the high 
prevalence of overweight and obesity in the studied demographic area, together to insufficient zinc 
intake and high content of dietary phytates, could be negative factors for the zinc nutritional status of 
adolescent girls. 

Therefore, it could be expected to find a wider variation in zinc status for the general Mexican 
population, with the same zinc fortification of food ingredients from the national program. Thus, it is 
very important to understand the relationship between zinc dietary intake by zinc-fortified milk with 
zinc uptake and excretion, which drive the regulation. The obtained information could be useful to 
provide feedback for the national fortification program if necessary. 

We measured the mRNA expression of two zinc transporters of peripheral blood cells from 
adolescents of groups A and B, as biomarker of zinc status [6,7]. Plasma zinc in group A increased by 
31 |ug/dL, while in group B, it decreased by 25 |ug/dL. As ZIP1 (importer) and ZnTl (exporter) are among 
the most abundantly expressed zinc transporters [24,29] and their expressions were down-regulated and 
up-regulated, respectively, after short periods of zinc supplementation [6,17], we selected these 
markers for evaluation. 

In the adolescents of group A of our study, whose plasma zinc increased after they drank zinc-fortified 
milk for 27 days, ZIP1 was down-regulated while ZnTl mRNA was not significantly affected. The 
same result of decreased ZIP1 and no change in ZnTl expression was shown in a study with young 
women after zinc supplementation of 22 mg/day, for 27 days [6]. However, the ZnTl expression gave 
maximum accumulations after 2 and 8 days supplementation of 15 mg zinc/d to young healthy men [17]. 
Our evaluation was done after 27 days of drinking the zinc-fortified milk, when mRNA expression 
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probably was back to its normal level. Additionally, ZnTl does not fit well with the modus operandi of 
traditional transporters, but it affects zinc homeostasis through regulating L-type calcium channels [30]. 

The girls in group B whose mean plasma zinc decreased, showed a wide variability in mRNA 
expression amounts for ZIP1 and ZnTl. Therefore, mean differences between baseline and after 
supplementation period with zinc-fortified milk, were not significantly different neither for ZIP1 nor 
for ZnTl. According to Liuzzi et al. [31], the ZIP1 transporter shows a high transcript level when zinc 
intake is low, but when zinc repletion is reached, it rapidly down-regulates its expression to basal 
conditions. Zinc intake of participants from group B ranged from 9.04 to 17.07 mg/day and none of the 
participants had zinc intake under the requirement; their expression of mRNA ZIP1 could be in a wide 
range of responses. Although we found no relationship between the ZIP gene expression with plasma 
or zinc intake levels, Noh et al. [24] suggest that the expression of zinc transporters may be altered in 
people with obesity, and then affect zinc homeostasis. So, it is possible that the zinc nutritional status 
is compromised in a high proportion of the Mexican population, including adolescent girls. 

5. Conclusions 

In conclusion, the adolescents population with none deficiency in zinc, after drinking the zinc-fortified 
milk for 27 days, did not change their mean plasma zinc levels but in a sub-group A (6/24) ZIP1 
expression decreased with no changes in ZnTl expression levels. Therefore, the transient increase in 
plasma zinc during supplementation could be an acceptable marker of zinc status as it is the fine ZIP1 
expression. Finally, the programs for fortification of foods and food ingredients appear to be effective 
for increasing zinc consumption and therefore zinc status throughout the year, even for adolescent girls 
with higher requirements. 

Acknowledgments 

We thank A. Bolanos for technical assistance and the adolescents who participated in the study for 
their generous and timely cooperation. We acknowledge LICONSA S.A. de C.V., a government, 
partly-owned association, which provided the enriched milk powder for the study. 

Author Contributions 

R.O.M., A.M.C. and H.S.G. designed the research; R.O.M., A.S. and A.B.P. conducted research; 
R.O.M. and A.B.P. analysed data; R.O.M., G.Y. and A.M.C. redacted and edited the manuscript. 
R.O.M. has the primary responsibility for final content. 

Conflicts of Interest 

The authors declare no conflict of interest. 
References 

1. King, J. Zinc: An essential but elusive nutrient. Am. J. Clin. Nutr. 2011, 94, 679S-684S. 

2. Prasad, A. Impact of the discovery of human zinc deficiency on health. J. Am. Coll. Nutr. 2009, 
28, 257-265. 



Nutrients 2014, 6 



2238 



3. Brown, K.H.; Hambidge, K.M.; Ranum, P. Zinc fortification of cereal flours: Current 
recommendations and research needs. Food Nutr. Bull. 2010, 31, S62-S74. 

4. Serdula, M. Maximizing the impact of flour fortification to improve vitamin and mineral nutrition 
in populations. Food Nutr Bull 2010, 31, S86-S93. 

5. Mendez, R.O.; Galdamez, K.; Grijalva, M.I.; Quihui, L.; Garcia, H.S.; Calderon de la Barca, A.M. 
Effect of micronutrient-fortified milk on zinc intake and plasma concentration in adolescent girls. 
J. Am. Coll. Nutr. 2012, 31, 408-414. 

6. Andree, K.B.; Kim, J.; Kirschke, CP.; Gregg, J.P.; Paik, H.; Joung, H.; Woodhouse, L.; King, J.C.; 
Huang, L. Investigation of lymphocyte gene expression for use as biomarkers for zinc status in 
humans. J. Nutr. 2004, 734, 716-723. 

7. Ryu, M.S.; Guthrie, G.J.; Maki, A.B.; Aydemir, T.B.; Cousins, R.J. Proteomic analysis shows the 
upregulation of erythrocyte dematin in zinc-restricted human subjects. Am. J. Clin. Nutr. 2012, 
95, 1096-1102. 

8. Dufner-Beattie, J.; Kuo, Y.M.; Gitschier, J.; Andrews, G.K. The adaptive response to dietary zinc 
in mice involves the differential cellular localization and zinc regulation of the zinc transporters 
ZIP4 and ZIP5. J. Biol. Chem. 2004, 279, 49082-49090. 

9. Liuzzi, J.; Cousin, R. Mammalian zinc transporters. Annu. Rev. Nutr. 2004, 24, 151-172. 

10. De Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C; Siekmann, J. Development of a 
WHO growth reference for school-aged children and adolescents. Bull. World Health Organ. 
2007, 85, 660-667. 

11. Association of Official Analytical Chemists. Official Methods of Analysis of Association of 
Official Analytical Chemists, 16th ed.; Method 991.11. Zinc in Serum Flame Atomic Absorption 
Spectrophotometric Method; AOAC: Arlington, VA, USA, 1995. 

12. Livack, K.; Schmittgen, T. Analysis of relative gene expression data using real-time quantitative 
PCR and the 2" AACt method. Methods 2001, 25, 402-408. 

13. Ortega, M.I.; Quizan, T.; Morales, G.G.; Preciado, M. Calculo de la ingestion dietaria y 
coeficientes de adecuacion a partir de: Registro de 24 horas y frecuencia de consumo de alimentos 
[Food consumption and diet adequation analysis: 24 hours recall and food frequency 
questionnaires]. Ser. Eval. Consum. Aliment. 1999, 1, 1-48. 

14. World Health Organization. Energy and Protein Requirements; Report of a Joint 
FAO/WHO/UNU Expert Consultation', World Health Organization: Geneva, Switzerland, 1985. 

15. Asociacion Mexicana de Agencias de Inteligencia de Mercado y Opinion A.C. Available online: 
http://www.amai.org/NSE/AMAINSE2004.ppt (accessed on 13 January 2013). 

16. Institute of Medicine (U.S.). Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, 
Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc: 
A Report of the Panel on Micronutrients and the Standing Committee on the Scientific Evaluation of 
Dietary Reference Intakes', Food and Nutrition Board, Institute of Medicine, National Academy Press: 
Washington, DC, USA, 2001. 

17. Aydemir, T.; Blanchard, R.; Cousins, R. Zinc supplementation of young men alters metallothionein, 
zinc transporter, and cytokine gene expression in leukocyte populations. Proc. Natl. Acad. Sci. USA 
2006, 103, 1699-1704. 



Nutrients 2014, 6 



2239 



18. Baqui, A.; Black, R.; Fischer, C; Arifeen, S.; Zaman, K.; Yunus, M.; Wahed, M.; Caulfield, L. 
Zinc Supplementation and Serum Zinc During Diarrhea. Indian J. Pediatr. 2006, 73, 493-497. 

19. Mocchegiani, E.; Giacconi, R.; Costarelli, L.; Muti, E.; Cipriano, C; Tesei, S.; Pierpaoli, S.; 
Giuli, C; Papa, R.; Marcellini, F.; et al. Zinc deficiency and IL-6 -174G/C polymorphism in old 
people from different European countries: Effect of zinc supplementation. ZINC AGE study. 
Exp. Gerontol 2008, 43, 433-444. 

20. Mariani, E.; Neri, S.; Cattini, L.; Mocchegiani, E.; Malavolta, M.; Dedoussis, G.V.; Kanoni, S.; 
Rink, L.; Jajte, J.; Facchini, A. Effect of zinc supplementation on plasma IL-6 and MCP-1 
production and NK cell function in healthy elderly: Interactive influence of +647 MTla and -174 
IL-6 polymorphic alleles. Exp. Gerontol. 2008, 43, 462-471. 

21. IZiNCG. Preventing Zinc Deficiency through Diet Diversification and Modification; Technical 
Brief. No. 05 2007; IZiNCG: Davis, CA, USA, 2007. 

22. Ortega, M.I.; Valencia, M.E. Measuring the intakes of foods and nutrients of marginal population 
in North- West Mexico. Public Health Nutr. 2012, 5, 907-910. 

23. Rodriguez-Ramirez, S.; Mundo-Rosas, V.; Shamah, T.; Ponce-Martinez, X.; Jimenez, A.; 
Gonzalez-de-Cossio, T. Energy and nutrient intake in Mexican adolescents: Analysis of the 
Mexican national health and nutrition survey 2006. Salud Publica Mex 2009, 51, S551-S561. 

24. Noh, H.; Paik, H.Y.; Kim, J.; Chung, J. The Alteration of Zinc Transporter Gene Expression Is 
Associated with Inflammatory Markers in Obese Women. Biol. Trace Elem. Res. 2014, 755, 1-8. 

25. Encuesta Nacional de Salud y Nutricion, 2012. Estado de Nutricion, Anemia, Seguridad 
Alimentaria en la Poblacion Mexicana. Available online: http://ensanut.insp.mx/doctos/ 
ENSANUT2012_Nutricion.pdf (accessed on 12 January 2013). 

26. Encuesta Nacional de Salud y Nutricion, 2012. Resultados por Entidad Federativa. Available online: 
http://ensanut.insp.mx/informes/Sonora-OCT.pdf (accessed on 12 January 2013). 

27. Tungtrongchitr, R.; Pongpaew, P.; Phonrat, B.; Tungtrongchitr, A.; Viroonudomphol, D.; 
Vudhivai, N.; Schelp, F.P. Serum copper, zinc, ceruloplasmin and superoxide dismutase in Thai 
overweight and obese. J. Med. Assoc. Thail. 2003, 86, 543-551. 

28. Ennes, D.F.; de Sousa, V.B.; Mello, N.R.; Franciscato, S.M.; do Nascimento, D. Biomarkers of 
metabolic syndrome and its relationship with the zinc nutritional status in obese women. Nutr. Hosp. 
2011, 26, 650-654. 

29. Foster, M.; Hancock, D.; Petocz, P.; Samman, S. Zinc transporter genes are coordinately expressed 
in men and women independently of dietary or plasma zinc. J. Nutr. 2011, 141, 1 195-1201. 

30. Sekler, I.; Sensi, S.L.; Hershfmkel, M.; Silverman, W.F. Mechanism and regulation of cellular 
zinc transport. Mol. Med. 2007, 13, 337-343. 

31. Liuzzi, J.P.; Bobo, J.A.; Lichten, L.A.; Samuelson, D.A.; Cousins, R.J. Responsive transporter 
genes within the murine intestinal-pancreatic axis form a basis of zinc homeostasis. Proc. Natl. 
Acad. Sci. USA 2004, 101, 14355-14360. 

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http : //creati vecommons . org/licenses/by/ 3.0/). 



